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Abstract
We study SUSY models in which Bino contributions solve the muon g − 2
anomaly. The contributions are enhanced by large left-right mixing of the
smuons. However, it is constrained by the vacuum stability condition of the
slepton–Higgs potential. Therefore, there are upper bounds on masses of slep-
tons and Bino. When the slepton soft masses are universal, the upper bound
on the smuon mass becomes 330 (460)GeV in order to solve the g−2 anomaly
at the 1σ (2σ) level. It is within the reach of LHC and ILC. If the stau is
heavier than the smuon, the bound can be as large as 1.4 (1.9)TeV. Such non-
universal slepton mass spectrum generically predicts too large LFV/CPV. We
show that the models are expected to be probed by LHC/ILC and LFV/CPV
complementarily in future.
∗Research Fellow of the Japan Society for the Promotion of Science
1 Introduction
The anomalous magnetic moment of the muon, aµ = (g − 2)µ/2, (muon g − 2) has
been measured very precisely [1]. It is compared with the Standard Model (SM)
prediction, and the latest result is
∆aµ ≡ aµ(exp)− aµ(SM) = (26.1± 8.0)× 10−10, (1)
where Ref. [2] is referred to for contributions of the hadronic vacuum polarization, and
the hadronic light-by-light contribution is from Ref. [3]. Similarly, Ref. [4] provides
∆aµ = (28.6±8.0)×10−10. Therefore, there is discrepancy at more than 3σ confidence
levels. It is noticed that the difference is as large as SM electroweak contributions,
aµ(EW) = (15.36 ± 0.1) × 10−10 [5, 6]. If this is a signature of physics beyond the
SM, and if the new physics exists in the TeV scale, new physics contributions to the
muon g − 2 are necessarily enhanced by some mechanisms, because they are naively
estimated as aµ(NP) ∼ (αNP/4π) × (m2µ/m2NP), which is required to be comparable
to aµ(EW).
The supersymmetry (SUSY) is a good candidate for such new physics models.
The model can provide sizable contributions to the muon g − 2 [7–9], which are en-
hanced by tan β = 〈Hu〉/〈Hd〉. The muon g−2 anomaly is solved if the superparticles
(muonic sleptons, neutralinos and/or charginos) have a mass around O(100)GeV for
tan β = O(10). They are light enough to be produced at the LHC experiments.
Recently, LHC phenomenology of the superparticles that are relevant for the muon
g − 2 has been studied in Ref. [10]. It has been shown that they can be discovered
in the near future in most of the parameter regions, especially in regions where the
SUSY contributions to the muon g − 2 are dominated by chargino–sneutrino dia-
grams. However, the searches rely on the assumption that the Wino is light. This
assumption is not necessary to explain the muon g − 2 discrepancy, when the SUSY
contribution is mainly from Bino–smuon diagrams. If the Wino is heavy, collider
searches differ significantly from those in Ref. [10]. In this paper, we study searches
for the models in which only the Bino and the left- and right-handed smuons are
light, while the other superparticles including the Wino are decoupled from the LHC
sensitivity.
The Bino–smuon contribution is enhanced when the left-right mixing of the smuon
is large. If the left-right mixing were allowed to be arbitrarily large, the superpar-
ticles could be extremely heavy while keeping the contribution to the muon g − 2,
thereby escaping any collider searches. However, too large left-right mixing spoils
stability of the electroweak vacuum. Hence, the superparticle masses are bounded
from above. We will show that, when staus and smuons have comparable masses to
each others, upper bounds on the slepton masses are within the reach of LHC/ILC.
If the staus are much heavier than smuons, the mass bounds are relaxed, while lep-
ton flavor violations (LFV) and CP violations (CPV) generically become too large.
Therefore, we will show that almost all the parameter regions can be tested in future
complementarily by LHC/ILC and LFV/CPV, if the muon g − 2 anomaly is solved
by the Bino and the left- and right-handed smuons.
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The rest of the paper is organized as follows. The mass spectrum is provided
in Sec. 2. The SUSY contributions to the muon g − 2 and the vacuum stability
conditions are explained in Sec. 3. In Sec. 4, experimental searches are studied.
Sec. 5 is devoted to the conclusion.
2 Mass spectrum
We assume that the SUSY contributions to the muon g − 2 are dominated by the
Bino–smuon contribution. The Bino and the left- and right-handed smuons con-
tribute to the diagram. It is enhanced by the left-right mixing of the smuon, which
is determined by the muon Yukawa coupling constant, the Higgsino mass parameter,
µ, and tanβ. Details will be discussed in the next section. Since too large tan β
spoils perturbativity of the down-type Yukawa interactions, µ is favored to be large
to explain the muon g − 2 discrepancy (1). Thus, we focus on large Higgsino mass
regions. The Winos are also supposed to be decoupled.
The collider searches depend on the slepton mass spectrum. The left- and right-
handed selectron masses are assumed to be degenerate with those of the smuons,
respectively. The following conclusion does not depend on this assumption.1 On the
other hand, the vacuum stability condition and the LFV/CPV bounds depend on
the stau masses (see Sec. 3.2 and 4.2).
All colored superparticles are set to be very heavy. In fact, none of them have
been discovered at LHC. The Higgs boson mass of 126GeV favors the scalar top
masses to be O(10−100) TeV, if the trilinear coupling of the top squark is not large.
Similarly, the heavy Higgs bosons of the two Higgs doublets are assumed to be heavy.
In this paper, all of them are considered to be decoupled.
Consequently, we consider the low-energy effective theory, in which only the fol-
lowing superparticles are light,
B˜, ℓ˜L, ℓ˜R. (2)
Here, ℓ˜ denotes the selectron and the smuon (and the stau, depending on the mass
spectrum). In addition, the Higgsinos can contribute to the effective Lagrangian, if
they are light due to the vacuum stability condition. The model parameters are
M1, m
2
ℓ˜L
, m2
ℓ˜R
, m2
ℓ˜LR
. (3)
Here,M1 is the Bino mass. Since the Higgsinos (and the Wino) are heavy, the lightest
neutralino is almost composed of the Bino. On the other hand, m2
ℓ˜L
and m2
ℓ˜R
are soft
SUSY-breaking masses of the left- and right-handed sleptons, respectively. m2
ℓ˜LR
is
off-diagonal components of the slepton mass matrices. This controls the observables
and constraints that are studied in this paper.
Before proceeding to the phenomenology, let us comment on the left-right mixing
of the smuon. It includes the scalar trilinear coupling of the muon, Aµ, as well as
1 If the selectron masses are non-universal in the first two generations, the LFV bound is severe.
See the discussions in Sec. 4.2.
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Figure 1: The Bino–smuon contribution to the magnetic dipole operators.
µ and tanβ. The Bino–smuon contribution could be enhanced by Aµ with µ tanβ
kept small. However, this requires Aµ to be extraordinary large. If the trilinear
coupling is universal among the matter scalar fermions, this implies extremely large
trilinear coupling for the stop sector, resulting in either too large Higgs boson mass
or rapid decays of our electroweak vacuum into charge/color breaking vacua. In this
paper, Aµ is set to be zero for simplicity, and the left-right mixing of the smuon is
determined by µ and tan β.
3 Muon g − 2 and Vacuum Stability
3.1 Muon g − 2
The Bino–smuon contribution to the muon g− 2 is represented by Fig. 1, where the
lepton ℓ is the muon. In the mass insertion approximation, it is estimated as (cf. [9])
aµ(SUSY) = −(1 + δ2loop)αY
4π
mµM1m
2
µ˜LR
m2µ˜Lm
2
µ˜R
fN
(
m2µ˜L
M21
,
m2µ˜R
M21
)
=
1 + δ2loop
1 + ∆µ
αY
4π
m2µM1µ
m2µ˜Lm
2
µ˜R
tan β · fN
(
m2µ˜L
M21
,
m2µ˜R
M21
)
≃ 1.5× 10−9 1 + δ
2loop
1 + ∆µ
(
tanβ
10
)(
(100GeV)2
m2µ˜Lm
2
µ˜R
/M1µ
)(
fN
1/6
)
, (4)
at the leading order of tanβ. The loop function fN(x, y) is defined as
fN(x, y) = xy
[−3 + x+ y + xy
(x− 1)2(y − 1)2 +
2x log x
(x− y)(x− 1)3 −
2y log y
(x− y)(y − 1)3
]
, (5)
which satisfies fN(1, 1) = 1/6 and 0 ≤ fN(1, 1) ≤ 1. It is noticed that the contribu-
tion is proportional to the left-right mixing,
m2
ℓ˜LR
= −Yℓ vuµ = − mℓ
1 + ∆ℓ
µ tanβ, (6)
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where vu is the vacuum expectation value (VEV) of the up-type Higgs field. Note
that the heavy Higgs bosons are decoupled. In the last equation, ∆ℓ is a correction
to the lepton Yukawa coupling constant [11]. It appears when the lepton Yukawa
coupling is matched to the physical lepton mass, mℓ, or the Yukawa coupling in SM.
In the low-energy effective theory, it becomes
∆ℓ =
αY
4π
M1µ tanβ · I(M21 , m2ℓ˜L, m
2
ℓ˜R
), (7)
where Higgsino diagrams are discarded, because they are suppressed in large Higgsino
mass regions. Also, the terms that are not enhanced by tan β are omitted. The loop
function is defined as
I(a, b, c) = −ab ln a/b+ bc ln b/c+ ca ln c/a
(a− b)(b− c)(c− a) , (8)
which satisfies f(a, a, a) = 1/2a. In particular, when µ tanβ is very large, ∆µ be-
comes as large as or larger than O(0.1− 1).
The correction δ2loop denotes leading contributions of two loop diagrams. It is
estimated as
1 + δ2loop =
(
1− 4α
π
ln
msoft
mµ
)[
1 +
1
4π
(
2αY∆b+
9
4
α2
)
ln
Msoft
msoft
]
. (9)
In the right-hand side, the first bracket is QED corrections to the muon g−2 [12], or
renormalization group contributions to the effective operator of the magnetic dipole
operator from the (smuon or Bino) soft mass scale, msoft, to the muon mass scale.
In the numerical analysis, msoft is chosen to be the smuon mass. This correction is
∼ 10%. Non-logarithmic terms evaluated in Ref. [12] are found to be very small in
the parameter regions of this paper.
The second bracket in Eq.(9) is corrections to the Bino couplings with the smuons.
When SUSY is exact, the gaugino coupling is equal to the gauge coupling constant.
This equality is violated after heavy superparticles are decoupled at a scale, Msoft.
The Bino–muon–smuon interactions are
Lint = − 1√
2
g˜L B˜µL µ˜
∗
L +
√
2g˜R B˜µR µ˜
∗
R + h.c., (10)
where the coefficients are
g˜L = gY + δg˜L ≃ gY
[
1 +
1
4π
(
αY∆b+
9
4
α2
)
ln
Msoft
msoft
]
, (11)
g˜R = gY + δg˜R ≃ gY
[
1 +
αY
4π
∆b ln
Msoft
msoft
]
. (12)
Here, the terms of αY are corrections to the Bino self-energy, which are SUSY analog
of the oblique corrections [13–15]. The U(1)Y gauge coupling constant, gY , is evalu-
ated at msoft, and the corrections are represented by the difference between the beta
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Figure 2: The SUSY contributions to the muon g − 2 and the vacuum stability
bounds are shown. In the orange (yellow) regions, the muon g− 2 discrepancy (1) is
explained at the 1σ (2σ) level. The black solid lines represent the upper bound on µ
from the vacuum stability bound of the stau-Higgs potential. The stau masses are set
to be mτ˜/mµ˜ = 1, 2, 5, 10 and 20 from bottom to top. Above the black dashed line,
∆µ becomes larger than unity. The parameters are M1 = mµ˜L = mµ˜R , tanβ = 40
and Msoft = 30TeV. In the right panel, a part of the parameter region of the left
panel is magnified.
functions of the U(1)Y gauge and Bino couplings. In our setup, the SM particles
and the sleptons contribute to the beta functions. Thus, the coefficient becomes
∆b = 41/6 − nslepton, where nslepton is number of the generations of light sleptons;
for instance, nslepton = 3 if all the sleptons are light, and nslepton = 2 when the staus
are decoupled. On the other hand, the term of α2 is non-oblique corrections after
the Wino decoupled (cf. Ref. [16]). The weak boson couples only to the left-handed
(s)leptons at the Bino–muon–smuon vertices. Since the Bino–smuon contribution
to the muon g − 2 includes both g˜L and g˜R, the loop correction (9) is obtained. It
yields a correction of 5−10% for Msoft = 10−100TeV with msoft ∼ 100GeV. In the
analysis, only the logarithmic contributions are included. Non-logarithmic terms are
expected to be suppressed.
In Eq. (9), the corrections that can be as large as or larger than O(10)% are
included. Other two loop contributions are unknown or expected to be small. In
Refs. [17, 18], SUSY corrections to the SM one-loop diagrams are evaluated. When
the superparticles except those of (2) are decoupled, the contributions in Refs. [17,18]
are negligibly small. Other corrections that have not yet been estimated include
electroweak and SUSY two-loop contributions to SUSY one-loop diagrams. They
might provide δaµ ∼ 10−10, according to Ref. [19]. In addition, non-logarithmic
corrections to δ2loop could be a few percents of the SUSY one-loop contributions,
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similarly to the discussions in Ref. [19].
Apart from the Bino–smuon diagrams, there are other one-loop contributions to
the muon g − 2. The Bino–Higgsino–smuon contribution can be . O(10−10) when
the Higgsinos are light due to the vacuum stability bound (Sec. 3.2). It is included
in the numerical analysis for completeness.2 On the other hand, the chargino–muon
sneutrino contributions are less than O(10−11) for M2 > 10TeV, i.e., negligible.
In Fig. 2, contours of the SUSY contributions to the muon g− 2 are shown. The
horizontal and vertical axises are the lightest smuon mass, mµ˜1 , and µ, respectively.
The parameters are set as M1 = mµ˜L = mµ˜R , tan β = 40 and Msoft = 30TeV. In the
orange (yellow) regions, the SUSY contributions explain the muon g−2 discrepancy
(1) at the 1σ (2σ) level. It is found that they are enhanced by large µ, and the smuon
masses can be 1TeV for µ = O(10 − 100) TeV. This is contrasted to the chargino–
muon sneutrino contributions to the muon g− 2, where µ is favored to be small [10].
On the other hand, detailed dependences on the superparticle mass spectrum are
determined by the loop function (5) and the vacuum stability condition. They will
be discussed in the next subsection.
3.2 Vacuum stability
As shown in Sec. 3.1, the Bino–smuon contribution to the muon g−2 is enhanced by
a large left-right mixing of the smuon. However, too large mixing spoils the stability
of the electroweak vacuum. The trilinear coupling of the sleptons and the SM-like
Higgs boson is given by
V ≃ 1√
2v
m2
ℓ˜LR
ℓ˜∗Lℓ˜Rh
0 + h.c.
= − mℓ√
2v(1 + ∆ℓ)
µ tanβ · ℓ˜∗Lℓ˜Rh0 + h.c., (13)
where v ≃ 174GeV is the Higgs VEV. As the trilinear coupling increases, disastrous
charge-breaking minima in the scalar potential become deeper, and our electroweak
vacuum could decay to them. By requiring that the lifetime of the electroweak
vacuum should be longer than the age of the Universe, m2
ℓ˜LR
is constrained.
The vacuum stability conditions have been studied. The fitting formula of the
stability condition is obtained as
∣∣∣m2
ℓ˜LR
∣∣∣ ≤ ηℓ
[
1.01× 102GeV√mℓ˜Lmℓ˜R + 1.01× 102GeV(mℓ˜L + 1.03mℓ˜R)
−2.27×104GeV2 + 2.97× 10
6GeV3
mℓ˜L +mℓ˜R
− 1.14× 108GeV4
(
1
m2
ℓ˜L
+
0.983
m2
ℓ˜R
)]
. (14)
2 This contribution can dominate the SUSY contributions to the muon g − 2, when µ is small
while decoupling the Wino. Since they are enhanced only by tanβ, superparticles are required to
be light to explain (1). They are detectable in colliders. In particular, the Higgsino production can
be significant.
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This is consistent with the result of Ref. [20] in a case of the stau–Higgs potential.
The vacuum decay rate is evaluated by the bounce method [21]. The public pack-
age CosmoTransitions 1.0.2 [23] is used for the numerical evaluation. The scalar
potential of the left- and right-handed sleptons and the SM-like Higgs boson is ana-
lyzed at the zero temperature.3 The Higgs potential is set to reproduce the mass of
126GeV. Only the renormalizable terms are taken into account. Higher-dimensional
terms depend on the superparticles that decouple at Msoft. Since Msoft is very large,
their contributions to (14) are considered to be small. The fitting formula reproduces
results of CosmoTransitions at better than the 1% level.
The fitting formula (14) is universal for all the slepton flavors up to corrections,
ηℓ ∼ 1. Given the soft scalar masses, the bound is independent of the flavor except
through Yukawa interactions in the quartic terms of the scalar potential. Since the
quartic terms are dominated by gauge interactions, ηℓ changes little around unity.
It also depends on tan β when the Yukawa coupling is large. In practice, ητ = 1
is set for the stau with tanβ/(1 + ∆τ ) = 70. Numerical result of ητ for the stau
with various tan β is found in Fig. 2 of Ref. [20]. For instance, it is ητ ≃ 0.94 for
tan β/(1 + ∆τ ) = 40. On the other hand, we obtain ηℓ ≃ 0.88 for the smuons and
the selectrons, which is independent of the flavor and tan β because of small Yukawa
couplings.
The most severe constraint on µ tanβ is obtained from the stability condition of
the stau-Higgs potential. This is because the left-right mixing is proportional to the
Yukawa coupling. In Fig. 2, the upper limits are shown for tan β = 40. Combined
with the muon g−2, the smuon masses are bounded from above for given stau masses.
For me˜ = mµ˜ = mτ˜ , the lightest smuon is limited to be mµ˜1 . 300 (420)GeV at the
1σ (2σ) level of the muon g − 2.
The SUSY contributions to the muon g−2 depend on superparticle mass spectra
mainly through the loop function (5). In Fig. 3, contours of the muon g − 2 are
displayed for various smuon and neutralino masses. In the orange (yellow) regions,
the muon g−2 discrepancy is explained at the 1σ (2σ) level. The left-right mixing is
maximized with satisfying the vacuum stability condition. Here, the stau soft mass
is supposed to be degenerate with that of the smuon. It is found that the lightest
smuon mass can be 330 (460)GeV at the 1σ (2σ) level of the muon g − 2, when the
lightest neutralino mass, mχ˜0
1
, is almost a half of mµ˜1 . Note that mχ˜01 is almost equal
to M1. On the other hand, mχ˜0
1
≃ 560GeV is realized for mµ˜1 ≃ 250GeV at the 2σ
level of the muon g − 2.
For a fixed value of the lightest smuon mass, the SUSY contributions to the muon
g−2 is maximized when mµ˜L is equal to mµ˜R . Eq. (4) depends on the left- and right-
handed smuon masses as fN(x, y)/xy with x = m
2
µ˜L
/M21 and y = m
2
µ˜R
/M21 . When
xy is fixed, it is maximized for x = y and rapidly decreases for x 6= y. On the other
hand, the vacuum stability condition (14) is relaxed for mℓ˜L 6= mℓ˜R. Since the former
dependence is stronger than the latter, the SUSY contributions to the muon g − 2
become largest when mµ˜L is equal to mµ˜R for given M1 and tan β. In other words,
3 Thermal corrections can change the transition rate. They could be significant when the staus
are light, for instance, for mτ˜1 . 200GeV [22].
8
Figure 3: The SUSY contributions to the muon g − 2 as a function of the lightest
smuon mass, mµ˜1 , and the lightest neutralino mass, mχ˜01 . In the orange (yellow)
regions, the muon g − 2 discrepancy (1) is explained at the 1σ (2σ) level. The left-
right mixing is maximized under the vacuum stability condition. The parameters are
mℓ˜L = mℓ˜R , tanβ = 40 and Msoft = 10TeV. The stau soft masses are equal to those
of the selectrons and smuons. The region below the green line is excluded by LHC.
the orange/yellow regions in Fig. 3, i.e., the parameter regions favored by the muon
g − 2, shrink toward smaller superparticle masses for mµ˜L 6= mµ˜R .
The vacuum stability bound from the stau-Higgs potential is relaxed for heavier
staus. When they are decoupled, the constraint almost disappears, and larger µ is
allowed. As µ increases, the left-right mixing (6) approaches to a maximal value. It
is determined by the soft scalar masses as
m2
ℓ˜LR
= − mℓ
1 + ∆ℓ
µ tanβ → − 4π
αY
mℓ
M1
1
I(M21 , m
2
ℓ˜L
, m2
ℓ˜R
)
(for µ→∞). (15)
Note that the correction ∆ℓ is much larger than unity in this limit. In Fig. 4, the
left-right mixings of the smuon and the stau, |m2
ℓ˜LR
|, are plotted as a function of µ, by
the blue and red solid lines, respectively. Since m2
ℓ˜LR
is proportional to the Yukawa
coupling, |m2τ˜LR | is larger than |m2µ˜LR |. When the staus are light, µ is bounded from
above by the stability condition of the stau–Higgs potential (red dashed line). For
heavier staus, the red dashed line (as well as the stau tachyonic bound or the black
dashed line) is lifted up, and larger µ is allowed.
Even if the staus are decoupled, the left-right mixing is limited by the vacuum
stability condition of the smuon-Higgs potential. WhenM1 is smaller than the smuon
mass with mµ˜L = mµ˜R , the vacuum constraint (14) is more severe than Eq. (15).
It can be estimated that the lightest smuon can be as large as 1.4 (1.9) TeV at the
9
Figure 4: The left-right mixing of the smuon (blue solid) and the stau (red solid)
as a function of µ. The blue (red) dashed line represents the vacuum meta-stability
bound with η = 0.88 (0.94). Above the black dashed line, sleptons become tachyonic.
Below the blue dotted line, ∆µ < 1 is satisfied. The parameters are mℓ˜L = mℓ˜R =
2M1 = 500GeV, tan β = 40 and Msoft = 30TeV.
1σ (2σ) level of the muon g − 2.4 Since it is very weak, the bound does not appear
in the parameter range of Fig. 2.
It is noticed that ∆ℓ is larger than unity when µ is very large. Then, the radiative
correction exceeds the tree level contribution to the lepton mass. For ∆ℓ ≫ 1, the
Yukawa coupling constant is suppressed by ∆ℓ, as observed by Eq. (6). This may be
disfavored by a naturalness argument [26]. In Fig. 2, ∆µ becomes larger than unity
above the black dashed line, and above the blue dotted line in Fig. 4.
4 Searches
In the previous section, it has been shown that when the muon g − 2 anomaly
(1) is solved by the Bino–smuon contribution (4), soft masses of the Bino and the
smuon are bounded from above by the vacuum stability condition (14). The result
is summarized in Tab. 1. In this section, we study experimental status and future
prospects to search for such SUSY models. The mass bounds depend on the slepton
mass spectrum. When the stau is degenerate with the smuon, a tight constraint
is imposed by the stau stability condition. In Sec. 4.1, it will be discussed that the
limit is strong enough for the superparticles to be detectable directly in colliders. On
the other hand, if the staus are heavier or decoupled, the stability bound is relaxed.
4 In this limit, the situation is essentially the same as the soft Yukawa coupling models [24,25].
In this paper, the vacuum stability condition is analyzed seriously and is found to restrict the SUSY
contributions to the muon g − 2, resulting in tighter bound on the smuon mass than Ref. [25].
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Mass spectrum Smuon Vacuum LHC/ILC LFV/EDM
me˜ = mµ˜ = mτ˜ (Sec. 4.1) < 330/460GeV τ˜ X
me˜ = mµ˜ < mτ˜ (Sec. 4.2) < 1.4/1.9TeV τ˜ or µ˜ X
Table 1: Summary of searches. The lightest smuon mass is restricted to explain the
muon g − 2 discrepancy at the 1σ/2σ level. The left-right mixing is limited by the
vacuum stability condition of the stau– or smuon–Higgs potential, depending on the
stau masses. Models of the universal mass spectrum can be tested by LHC/ILC,
while those of the non-universal spectrum predict large LFV/EDM.
The superparticle masses can exceed the collider sensitivities. In Sec. 4.2, it will be
argued that such hierarchical mass spectrum can be probed by LFV and CPV.
4.1 Universal slepton mass
In this section, we study collider searches for the SUSY models with the universal
slepton mass spectrum. Here, the left- (right-) handed selectron, smuon and stau
have a common soft SUSY-breaking mass,
me˜L = mµ˜L = mτ˜L , me˜R = mµ˜R = mτ˜R . (16)
Then, the vacuum stability condition from the stau–Higgs potential restricts slepton
masses up to 330 − 460GeV to solve the muon g − 2 anomaly. This is within the
reach of the LHC or ILC sensitivity. In fact, some of the parameter regions have
already been excluded by LHC, as shown later.
Collider signatures depend on the lightest superparticle (LSP). In the case of
universal soft slepton masses, either the lightest neutralino or the lightest stau is LSP
among the MSSM particles.5 In the latter case, the stau is likely to be long-lived.6
The (meta-) stable staus leave charged tracks in detectors. Such signatures have been
studied by ATLAS [27] and CMS [28]. The CMS constraint on the cross section of
the stau direct production provides the 95% CL exclusion limit, mτ˜1 > 339GeV.
If this is imposed in addition to the vacuum stability condition, all the parameter
regions of the long-lived stau are excluded in Fig. 3.
In Fig. 5, we show the SUSY contributions to the muon g− 2 when the left-right
mixing is maximized under the two conditions; (i) the vacuum stability and (ii) the
neutralino LSP, mτ˜1 > mχ˜01 . Then, SUSY signature is (opposite-sign same-flavor) di-
lepton with large missing transverse energy. Selectrons and smuons are produced by
collisions. They subsequently decay into the lightest neutralino and a partner lepton.
Recently, this signature was studied by ATLAS [29] and CMS [30]. In particular,
the 95% CL exclusion limit is obtained for mµ˜L = mµ˜R by ATLAS. The result is
shown by the green solid line in Fig. 5 (and in Fig. 3). Here, the region below the
5 The lightest stau is lighter than sneutrinos when µ is large.
6 The stau could decay in detectors, for instance, through R-parity violations. The SUSY
signatures depend on decay channels. Such cases are not discussed here.
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Figure 5: Same as Fig. 3, but with a condition that the neutralino is LSP, mτ˜1 > mχ˜01 .
line is excluded. In detail, the left-right mixing is negligible in the ATLAS analysis.
However, the left- and right-handed smuons maximally mix with each other in Fig. 5.
The total cross section of the smuon productions decreases by 10% compared to the
ATLAS setup. Since it is sufficiently small, the exclusion limit is considered to be
almost the same as the ATLAS result. As a result, it is found that a large fraction of
the 1σ parameter region of the muon g− 2 is already excluded.7 The sensitivity will
be improved by the upgrade of the energy and the luminosity. In Fig. 6, the total
cross section of the smuon productions are presented for
√
s = 8TeV and 14TeV.
The cross section is estimated at the leading order. For instance, it becomes 1 fb for
the lightest smuon mass of 330GeV at
√
s = 8TeV, which corresponds to the current
LHC bound. The same cross section is obtained for 450GeV at 14TeV. Studies for
the future sensitivity are required.
When the neutralino is LSP, the stau productions have also been studied in LEP
and LHC. If their mass difference is larger than 15GeV, the stau mass is constrained
to be larger than 81.9GeV by LEP [31]. LHC is still ineffective to search for di-
tau events from the direct stau productions [32]. These limits are sufficiently weak.
Fig. 5 does not change even if they are imposed.
In Tab. 2, superparticle mass spectra are listed for several points in Fig. 5. The
lightest neutralino mass is close to the Bino mass, since µ is very large. Given mℓ˜ ≡
mℓ˜L = mℓ˜R , the slepton masses are hierarchical except for those of the selectrons
due to a large left-right mixing. The lightest stau mass is closest to the neutralino
mass among the sleptons. In Fig. 5, the point A (A’) is around the upper side of the
contour of the muon g−2. In the vicinity of this side, mτ˜1 has the closest value tomχ˜01
7 In the ATLAS analysis, me˜ = mµ˜ is assumed. The selectron production provides almost the
same constraint as the smuon [29]. Thus, if selectrons are decoupled, the mass bound becomes
weaker. However, LFV/CPV constraints are severe, as will be mentioned in Sec. 4.2.
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Figure 6: The total cross section of the smuon productions at LHC with
√
s = 8TeV
(dashed) and 14TeV (solid). The parameters satisfy mℓ˜L = mℓ˜R = 2M1. The left-
right mixing is maximized under the vacuum stability condition with tan β = 40.
mℓ˜ M1 µ me˜1 me˜2 mµ˜1 mµ˜2 mτ˜1 mτ˜2 mχ˜01 ∆aµ
A 300 200 756 303 304 298 309 199 380 199 16.1
A′ 300 200 699 303 304 299 308 209 375 199 14.6
B 470 250 1680 472 472 465 479 329 581 250 10.2
C 340 160 1138 343 343 336 350 199 442 160 18.0
Table 2: Model parameters and mass spectra at several model points in Fig. 5. The
masses are in units of GeV, and the muon g− 2 is scaled by 10−10. Here, mℓ˜ denotes
mℓ˜L = mℓ˜R , and tan β = 40 is set.
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Figure 7: The production cross section of the lightest smuon at ILC with
√
s = 1TeV.
The beams are assumed to be polarized at 80% (e−) and 30% (e+). The left-right
mixing is maximized under the vacuum stability condition with tanβ = 40. The 1σ
(2σ) regions of the muon g − 2 are also shown by the orange (yellow) bands. The
parameters are M1 = 200GeV and Msoft = 10TeV.
in the allowed range. If mτ˜1 > mχ˜01 is imposed, it satisfies mτ˜1 = mχ˜01 to maximize
the SUSY contributions to the muon g − 2 around the upper side of the contour.
Above it, the regions are excluded by the long-lived stau search, or the muon g − 2
becomes too small. On the other hand, if the mass difference between the stau and
the neutralino is assumed to be larger than δM , they satisfy mτ˜1 = mχ˜01 + δM in
the vicinity of the upper side. At the point A’, δM = 10GeV is imposed, and mτ˜1
is larger than mχ˜0
1
by 10GeV. In contrast, the points B and C are away from this
region. B (C) is close to the maximal end point of the lightest smuon mass which
explains the muon g−2 at the 2σ (1σ) level. Here, the left-right mixing is determined
by the vacuum stability condition of the stau.
Linear colliders of e+e− (ILC) are very useful (see e.g., Ref. [33, 34]). They
can provide rich informations of the models. Moreover, they are superior to LHC
when the slepton masses are close to that of the lightest neutralino [35]. In the
orange/yellow regions of Fig. 5, selectrons, smuons and staus can be produced at the
linear colliders. In Fig. 7, production cross sections of the lightest smuon are shown
for the left- and right-handed smuon masses. Here, it is assumed that the collision
energy is
√
s = 1TeV at ILC, and the beams are polarized at 80% for the electron
and 30% for the positron. The left-right mixing is maximized under the vacuum
stability condition. The other parameters are M1 = 200GeV and tanβ = 40. It is
found that the cross section is larger than 20 (1) fb−1 for the 1σ (2σ) parameter region
of the muon g − 2. The estimation is based on Ref. [36].8 It is expected that the
8 The cross section is calculated at the leading order in Fig. 7. It can be enhanced by ∼ 10%
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Figure 8: The production cross section of e˜+R e˜
−
L and e˜
+
L e˜
−
R at ILC with
√
s = 1TeV.
The parameters are same as Fig. 7, butM1 is varied with me˜L = me˜R ≡ me˜. The cor-
rections to the Bino coupling due to decoupling of heavy superparticles are included
(discarded) in the black solid (dashed) lines.
smuons can be discovered in almost all the parameter region that are kinematically
allowed (cf. [34]).
It is possible to measure masses of the smuon and the neutralino from event
distributions and the cross section [13,37]. Also, the chirality structure of the smuons
could be determined by the beam polarization. We assume (Pe−, Pe+) = (+0.8,−0.3)
in the left panel of Fig. 7, and (−0.8,+0.3) in the right panel. The cross section of a
chiral smuon is sensitive to the polarization, because the productions proceed by the
s-channel γ/Z exchanges. On the other hand, when mµ˜L = mµ˜R , the cross section
is insensitive to the beam polarization. Since the left-right mixing is large, the left-
and right-handed smuons are maximally mixed with each other. Both of them can
be produced, and the mass difference is expected to be measured, for instance, by
measuring threshold productions. At the model points in Tab. 2, the difference is
& 10GeV, which is much larger than the uncertainty of the mass measurement at
ILC, O(10 − 100)MeV [33]. It is emphasized that the smuon productions are clean
and direct signatures of the SUSY contributions to the muon g − 2.
The selectron productions proceed not only by the s-channel γ/Z exchanges, but
also by the t-channel Bino exchange. The latter contribution can enhance the cross
section and provide individual information in addition to mass measurements of the
selectron and the neutralino. The productions, e+Le
−
L → e˜+Re˜−L and e+Re−R → e˜+L e˜−R,
proceed by the t-channel. In Fig. 8, their total cross sections are shown by the black
solid lines. Here, the parameters areme˜L = me˜R, and the beam polarization is 80% for
the electron and 30% for the positron. It is found that the cross sections are O(10) fb
near the mass threshold [36].
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in the muon g − 2 parameter regions. They are larger than those of the smuon in
Fig. 7. Importantly, this channel is useful to measure the Bino–electron–selectron
couplings [13, 14]. They are deviated from the U(1)Y gauge coupling constant by
decoupling heavy superparticles, as discussed in Sec. 3.1. In Fig. 8, the cross sections
are estimated with (without) δg˜L and δg˜R (see Eqs. (11) and (12)). The results are
shown by the solid (dashed) lines. It is found that the corrections enhance the cross
section by 8− 10% for Msusy = 10TeV. This is measurable at ILC [13, 14].
Cross sections of e+Le
−
R → e˜+Re˜−R and e+Re−L → e˜+L e˜−L also include the t-channel
contribution of the Bino (see e.g., Ref. [36]). In particular, the former cross section
is enhanced well compared to those solely by the s-channel γ/Z exchanges. It can be
& 100 fb when M1 is relatively small in the muon g− 2 parameter regions. However,
in the latter process, the t-channel contribution interferes destructively with the s-
channel contribution. On the other hand, the cross section of e+Le
−
R → e˜+Re˜−R differs
by 5 − 6% between the cases with and without δg˜L and δg˜R. This is smaller than
the above channels.
The stau productions proceed similarly to the smuon at ILC. The stau mass
parameters can be determined [13,38,39]. The produced staus decay into the lightest
(Bino-like) neutralino and a tau lepton. The tau polarization can be measured from
the energy spectra of tau hadronic decays [38]. If productions of both the heavy and
light staus are kinematically allowed, all the components of the stau mass matrix
can be measured. In particular, the left-right mixing is determined.9
Let us discuss the dark matter in the present model. The lightest neutralino is
a candidate of the dark matter. The neutralino relic abundance becomes consistent
with the measured cold dark matter abundance [40, 41] by the stau co-annihilation.
The mass difference between the stau and the neutralino is required to be 5−10GeV.
This corresponds to the model points in the vicinity of the upper side of the muon
g − 2 contours in Fig. 5, including the points A or A’. This region has not been
excluded by the studies of the di-lepton signature at LHC [29, 30]. Masses of the
selectrons and the smuons are too close to that of the neutralino for LHC. ILC is
superior to study the region [33, 34]. Selectrons and smuons as well as staus can be
produced, as discussed above.
Finally, let us mention the branching ratios of the Higgs boson decays. When
the staus are light, and their left-right mixing is large, the branching ratio of the
di-photon channel can be enhanced sizably [42]. We have estimated it in the muon
g− 2 parameter regions of Fig. 5. In the 1σ parameter region, the ratio increases by
10− 40% compared to the SM prediction, while it is enhanced by 5− 10% in the 2σ
region. The latter is comparable to the sensitivity of the high-luminosity LHC with∫ L = 3000 fb−1 [43,44]. On the other hand, the ratio of the Higgs boson decaying to
the di-muon is almost unchanged. Even when the radiative corrections to the Higgs
boson coupling with the muon is very large, i.e., ∆µ ≫ 1, the ratio does not change,
because the tree level (Yukawa) coupling decreases by ∆µ, and the sum of the tree
and radiative contributions is not varied.
9 Strictly, it is difficult to determine µ and Aτ separately by the stau productions, because the
lightest neutralino is almost composed of the Bino [13, 39].
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Figure 9: The lower bound on the stau mass to satisfy the vacuum stability bound
of the stau–Higgs potential. In the orange (yellow) region, the SUSY contribution to
the muon g−2 can explain the discrepancy (1) at the 1σ (2σ) level. The parameters
are mµ˜L = mµ˜R = M1, mτ˜L = mτ˜R , tan β = 40 and Msoft = 30TeV.
4.2 Non-universal slepton mass
In this section, we discuss the case without slepton mass universality. The slepton
soft SUSY-breaking masses satisfy
me˜L = mµ˜L < mτ˜L , me˜R = mµ˜R < mτ˜R . (17)
As discussed in Sec. 3.2, the vacuum stability bound of the stau–Higgs potential is
relaxed by heavy staus, and the smuon masses are allowed to be larger in order to
solve the muon g − 2 anomaly. In other words, the stau masses are required to be
large relative to the smuons, when the smuons are heavy. In Fig. 9, the lower bound
on the stau mass is shown. In the orange (yellow) regions, the muon g − 2 anomaly
is solved at the 1σ (2σ) level, while the vacuum stability constraint is avoided. The
ratios of the stau and smuon masses are defined as
RL ≡ mτ˜L
mµ˜L
, RR ≡ mτ˜R
mµ˜R
. (18)
The parameters are M1 = mµ˜L = mµ˜R , mτ˜L = mτ˜R , tan β = 40 and Msoft = 30TeV.
The vertical axis is R ≡ RL = RR. If the staus are decoupled, the left-right mixing
is bounded either by Eq. (15) or the vacuum stability bound of the smuon–Higgs
potential, as discussed in Sec. 3.2. The smuon masses can be 1.4TeV (1.9TeV) for
the 1σ (2σ) level of the muon g−2. Even though it becomes difficult to produce such
sleptons at LHC or ILC, non-universal slepton masses generically cause problems of
too large lepton flavor violations (LFV) and CP violations (CPV).
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LFV and CPV are sensitive to off-diagonal (generation mixing) components of
the slepton mass matrices. They are suppressed if the slepton mass matrices are
universal among the flavors, such as in the gauge mediated SUSY-breaking models.
However, even when the mass matrices are diagonal in the model basis, sizable FCNC
and CPV are generically induced as long as the diagonal components are not equal to
each others. In fact, a lot of models have been proposed to explain the SM Yukawa
couplings, and many of them predict non-diagonal Yukawa matrices in the model
basis. Even if the sfermion mass matrices are diagonal in this basis, off-diagonal
components are generated in the fermion mass eigenstate basis, which are obtained
by rotating the mass matrices of the model basis with unitary matrices. In other
words, the super GIM mechanism does not work generically unless the sfermion mass
matrices are universal.
When the muon g − 2 anomaly is solved by the SUSY contributions, LFV and
lepton electric dipole moments (EDM) are generically sizable. In this section, the
following setup is considered. In the model basis, the slepton mass matrices are
diagonal among the flavors,
(m2
ℓ˜L
)ij = diag(m
2
e˜L
, m2µ˜L , m
2
τ˜L
), (19)
(m2
ℓ˜R
)ij = diag(m
2
e˜R
, m2µ˜R , m
2
τ˜R
). (20)
Moreover, me˜L = mµ˜L and me˜R = mµ˜R are imposed. Otherwise, LFV becomes too
large, as shown later. The Yukawa matrices are generally non-diagonal in the model
basis. The mass eigenstate basis of the charged leptons is obtained by the left- and
right-handed unitary matrices, UL, UR, as
URMℓ U
†
L ≡ UR Yℓ vd U †L = diag
(
me
1 + ∆e
,
mµ
1 + ∆µ
,
mτ
1 + ∆τ
)
, (21)
where vd is the down-type Higgs VEV, and ∆ℓ is given by Eq. (7). The unitary
matrices are generally represented as
UL,R = exp



 0 (δL,R)12 (δL,R)13−(δL,R)∗12 0 (δL,R)23
−(δL,R)∗13 −(δL,R)∗23 0



 . (22)
Non-vanishing mixings, (δL,R)ij, induce LFV and EDM, as long as the slepton masses
are non-universal.10 Note that quark FCNC and CPV are suppressed by heavy
colored superparticles in this paper.
The magnetic dipole contributions to LFV are represented by the following effec-
tive Lagrangian,
Leff = e
mℓj
2
ℓ¯iσµν
(
ALijPL + A
R
ijPR
)
ℓjF
µν + h.c., (23)
where i, j are flavor indices. Contributions to the other higher dimensional operators
are subdominant in this paper. The Wilson coefficients, ALij and A
R
ij , are dominated
10 Similar setup has been studied in Ref. [45], where squarks of the first two generations are light.
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by the Bino–slepton contributions, similarly to the muon g−2. In the mass insertion
approximation, they are estimated as (cf. [46])
ALij = (1 + δ
2loop)
αY
8π
M1µ tanβ
mℓj
∑
a,b=1,2,3
[
UR
]
ib
[
Mℓ
]
ba
[
U †L
]
aj
Fa,b, (24)
ARij = (1 + δ
2loop)
αY
8π
M1µ tanβ
mℓj
∑
a,b=1,2,3
[
UL
]
ia
[
M †ℓ
]
ab
[
U †R
]
bj
Fa,b. (25)
The two loop factor δ2loop is found in Eq. (9). The loop function Fa,b is defined as
Fa,b =
1
m2
ℓ˜La
m2
ℓ˜Rb
fN
(
m2
ℓ˜La
|M1|2 ,
m2
ℓ˜Rb
|M1|2
)
. (26)
The muon FCNC’s are the most sensitive to the non-universal slepton mass matrices
and the non-diagonal Yukawa matrix. The decay rate of µ→ eγ is represented as
Γ(µ→ eγ) = α
4
m5µ
(∣∣AL12∣∣2 + ∣∣AR12∣∣2) , (27)
where the unitarity matrices in AR12 are expanded as∑
a,b=1,2,3
[
UL
]
1a
[
M †ℓ
]
ab
[
U †R
]
b2
Fa,b = − mµ
1 + ∆µ
(δL)12 (F1,2 − F2,2) (28)
+
mτ
1 + ∆τ
(δL)13(δR)
∗
23 (F1,2 − F1,3 − F3,2 + F3,3) ,
at the leading order of (δL)ij, (δR)ij and mµ/mτ . Here and hereafter, me = 0 is set,
for simplicity. Similarly, AL12 is obtained by replacing L↔ R. In the last term, F1,2
is dominant when the staus are heavy, i.e., F1,2 ≫ F1,3, F3,2, F3,3 for me˜L , mµ˜L ≪
mτ˜L and me˜R, mµ˜R ≪ mτ˜R . On the other hand, the right-hand side vanishes when
the slepton masses are universal, as expected from the super GIM mechanism. In
particular, when the sleptons are degenerate in the first two generations, the first
term becomes zero due to F1,2 = F2,2. Otherwise, the muon LFV is induced at the
order of (δL)12.
The above rate is compared with the SUSY contribution to the muon g − 2. In
the non-universal slepton mass spectrum, it is represented by ALij and A
R
ij as
aµ(SUSY) = m
2
µ Re
[
AL22 + A
R
22
]
= (1 + δ2loop)
αY
4π
mµM1µ tanβ
[
mµ
1 + ∆µ
F2,2 + κ
]
. (29)
This is same as Eq. (4) up to a correction κ, which is represented as
κ =
mτ
1 + ∆τ
Re [(δL)23(δR)
∗
23] (F2,2 − F2,3 − F3,2 + F3,3) + · · · . (30)
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Figure 10: Contours of Br(µ → eγ) (left) and de (right) for aµ(SUSY) = 10−9 with
Msoft = 30TeV. In the left panel, the upper black solid line is the current bound by
MEG, Br(µ → eγ) < 5.7 · 10−13 at 90% CL [47]. The lower one is the sensitivity of
the MEG upgrade, Br(µ → eγ) = 6 · 10−14 [48]. The blue dashed line is the Mu3e
sensitivity, Br(µ → ee¯e) = 10−16 [49]. The µ − e conversion is expected to probe
down to Rµe = 3 · 10−17 (upper red dotted) by COMET/Mu2e [50, 51] and 2 · 10−19
(lower red dotted) by PRISM/PRIME [52]. In the right panel, the black solid line
is the current bound by using YbF, |de| < 1.05 · 10−27 ecm at 90% CL [53]. The
sensitivity is planned to be improved: |de| = 10−29 ecm by Fr or ThO [54–56], and
10−30 ecm by YbF or WN [57,58]. Here, mℓ˜L = mℓ˜R is assumed.
Here, the omitted terms are suppressed by (δL)ij , (δR)ij or mµ/mτ . If the slepton
mass matrices are universal, κ vanishes.
It is noticed that Eqs. (27) and (29) are tightly correlated to each other. For the
mass spectrum (17) with RL, RR ≫ 1, the ratio is
Br(µ→ eγ)
aµ(SUSY)2
≃ 1
Γtot
αmµ
16
∣∣δ13δ23∣∣2
(
mτ
mµ
1 + ∆µ
1 + ∆τ
)2
, (31)
where Γtot is the total decay rate of muon, and the mixing is defined as∣∣δ13δ23∣∣2 ≡ ∣∣(δR)13(δL)23∣∣2 + ∣∣(δL)13(δR)23∣∣2. (32)
It is independent of superparticle mass spectra except through ∆µ and ∆τ . Thus,
when the muon g−2 discrepancy (1) is explained by the SUSY contributions, µ→ eγ
is induced by the non-universal slepton mass sizably. It is important that the decay
is not suppressed by heavy slepton masses, for instance, mµ˜1 = 1.4TeV or 1.9TeV
in Tab. 1, for given SUSY contributions to the muon g − 2.
In the left panel of Fig. 10, contours of Br(µ→ eγ) are shown. Here, mℓ˜L = mℓ˜R
is assumed. The SUSY contributions to the muon g − 2 is fixed to be aµ(SUSY) =
20
1×10−9 withMsoft = 30TeV. The small corrections are taken atM1 = mµ˜ = 400GeV
and tan β = 40 as a reference, though the result is almost independent of them. In
the figure, the contours correspond to the current limit and future sensitivities of
experiments,
• the current limit of the MEG experiment, Br(µ → eγ) < 5.7 × 10−13 at 90%
CL [47] (upper black solid line in the figure).
• the sensitivity of the MEG upgrade, Br(µ→ eγ) = 6× 10−14 [48] (lower black
solid line).
• the sensitivity of the Mu3e experiment, Br(µ → ee¯e) = 10−16 at Phase II [49]
(blue dashed line).
• the sensitivity of the COMET experiment, Rµe = 3 × 10−17 at Phase II [50]
(upper red dotted line). The Mu2e experiment has a similar sensitivity [51].
• the proposal of the PRISM/PRIME project, Rµe = 2 × 10−19 [52] (lower red
dotted line).
Note that µ→ ee¯e and µ−e conversion experiments have better sensitivity in future
than those of µ → eγ. In particular, the latter experiment has low (accidental)
backgrounds. On the other hand, the current constraint and future sensitivities of
the tau LFV’s are weaker than those of the muon, though they are also induced by
the non-universal slepton masses with finite (δL)23 and (δR)23.
From the figure, it is found that the LFV decay rate increases rapidly as the staus
become heavier than the smuons, R > 1. When the staus are decoupled, R ≫ 1,
the mixing |δ13δ23| in Eq. (32) is limited to be smaller than 3 × 10−6 by MEG for
aµ(SUSY) = 1×10−9. For instance, when the smuon and selectron masses are larger
than 1TeV, the stau are required to be heavier than 7TeV (R > 7) to avoid the
vacuum stability constraint, according to Fig. 9. If the lepton Yukawa matrix is
related to the quark sector, e.g., by the GUT relation, it is naively expected to be
|δ13δ23| ∼ VubVcb ∼ 10−4. This already exceeds the above limit. Thus, non-universal
slepton mass spectra are tightly constrained by LFV. In future, if sleptons are neither
discovered at LHC nor ILC, the model is expected to be probed by LFV. Otherwise,
the SM Yukawa matrices are tightly limited in the model basis, or when flavor models
are constructed.
The flavor off-diagonal components of the Yukawa matrices are sources of the
CP violations, when the slepton mass matrices are non-universal. Similarly to the
correction κ of the muon g − 2 in Eq. (29), the electron EDM is induced as
de
e
=
me
2
Im
[
AL11 −AR11
]
= (1 + δ2loop)
αY
8π
M1µ tanβ
×
[
mµ
1 + ∆µ
Im [(δR)12(δL)
∗
12] (F1,1 − F1,2 − F2,1 + F2,2)
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+
mτ
1 + ∆τ
Im [(δR)13(δL)
∗
13] (F1,1 − F1,3 − F3,1 + F3,3) + · · ·
]
. (33)
Here, we assume arg(M1µ tanβ) = 0. The omitted terms are suppressed by orders of
(δL)ij, (δR)ij or mµ/mτ . In the last term, F1,1 ≫ F1,3, F3,1, F3,3 is obtained when the
staus are heavy. On the other hand, the right hand side vanishes when the slepton
masses are universal, because the complex phases can be rotated away. Comparing
Eq. (33) with Eq. (29), we obtain
de/e
aµ(SUSY)
≃ 1
2mµ
Im[(δR)13(δL)
∗
13]
mτ
mµ
1 + ∆µ
1 + ∆τ
, (34)
for the mass spectrum (17) with RL, RR ≫ 1. It is independent of superparticle mass
spectra except through ∆µ and ∆τ . Thus, if the muon g − 2 anomaly is solved by
the SUSY contributions, EDM becomes sizable by the non-universal slepton mass.
Similarly to LFV, this is valid even for large selectron and smuon masses.
In the right panel of Fig. 10, contours of the electron EDM are shown. Here,
the SUSY contributions to the muon g − 2 is fixed to be aµ(SUSY) = 1 × 10−9
with Msoft = 30TeV. The result is almost independent of superparticle mass spectra
except for small corrections, ∆µ and ∆τ . The following data are used,
• the current limit with the YbF molecule, |de| < 1.05×10−27 ecm at 90% CL [53]
(solid line in the figure).
• the sensitivity with the Fr atom, |de| = 10−29 ecm [54] (dashed line). The exper-
iment with the ThO molecule could have a similar sensitivity by accumulating
data, |de| = 1× 10−28/
√
(day) ecm [55, 56].
• the sensitivity with the YbF molecule, |de| = 10−30 ecm [57] (dotted line). The
experiment with the WN ion can probe down to, |de| = 10−30 ecm/day, where
the systematic limit is at the level of 10−31 ecm [58].
From the figure, it is found that EDM is sensitive to Im[(δR)13(δL)
∗
13] when the staus
are heavier than the selectrons. The current experimental limit puts a constraint,
Im[(δR)13(δL)
∗
13] < 6×10−7 for R≫ 1 and aµ(SUSY) = 1×10−9. The sensitivity will
be improved very well. The mixing will be able to be probed at the level of 10−10.
Thus, if sleptons are neither discovered at LHC nor ILC in future, the model can
be sensitively probed by EDM as well as LFV. If no signal will be observed, the CP
violating phase must be suppressed very tightly in order to explain the muon g − 2
anomaly by the SUSY contributions.
5 Conclusion
SUSY is one of the most motivated candidates of the new physics. If the muon g−2
anomaly is solved by SUSY, some of the superparticles are relatively light. In this
paper, we focused on the Bino–smuon contribution to the muon g−2. It is enhanced
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not only by tan β but also by large µ. Consequently, it was shown that the smuon
masses can be as large as ∼ 1TeV. We examined the phenomenology of the models,
in which only the superparticles that are relevant for the muon g − 2 are light.
The analyses were categorized by the slepton mass spectrum. When the mass
spectrum is universal among the flavors, it was found that the vacuum stability of
the stau–Higgs potential restricts the smuon masses tightly. They are predicted to be
within 330 (460)GeV at the 1σ (2σ) level of the muon g− 2. It was shown that part
of the parameter region is already excluded by LHC, and argued that such sleptons
are expected to be studied at LHC or ILC in future.
If the staus are (much) heavier than the smuons, the vacuum stability bound
of the staus is relaxed. In this mass spectrum, the smuon masses are limited by
the vacuum stability condition of the smuon–Higgs potential. It was found that
they are less than 1.4 (1.9) TeV at the 1σ (2σ) level of the muon g− 2. Such slepton
masses exceed the LHC/ILC reach. Instead, the non-universal slepton mass spectrum
generically predicts too large LFV and EDM. They originate in the non-diagonal SM
Yukawa matrices in the model basis. Although the prediction depends on the flavor
models, LFV and/or EDM is very likely to be sizable in wide models. If no sleptons
are discovered at LHC nor ILC, the model is expected to be probed by LFV and
EDM sensitively.
So far, tanβ = 40 was chosen in the numerical analyses. As mentioned in Sec. 2,
the observables depend on m2
ℓ˜LR
, and tan β contributes to them only through it.
Thus, the results are independent of a choice of tan β up to a correction to the
vacuum stability condition (see Sec. 3.2). Since the correction is small, the above
conclusion does not change, even if tan β is varied, for instance, from 20 to 70.
In conclusion, we studied the SUSY models that explain the muon g− 2 discrep-
ancy with the Bino–smuon contributions. It was shown that they are expected to be
probed by LHC/ILC and LFV/EDM complementarily in future.
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Note Added
While we are finalizing the paper, the article [59] was submitted to arXiv. The
article studied non-decoupling two-loop contributions from heavy sfermions, which
partially overlaps with the discussion on the correction to the muon g − 2 via the
Bino–muon–smuon coupling in Sec. 3.1.
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